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FOREWORD

The resecarch work described in this report was performed by
the Frankford Arsenal, U,S, Army Munitions Command, Philadelphia,
Pennsylvania, for the Directorate, Operational Support Engineering,
Crew Equipment Division, Parachute Branch, Aeronautical Systems
Division, Wright-Patterson Air Force Base, Ohio, The work was '
accomplished under Air Force MIPR 33-616-58-47, <Captain R, L,
Fester, of the Parachute Branch, ASD, was the project and task
engineer, The research program was conducted from August 1S58
to May 1 , and was carriad out by the Pesearch and Development
Group of Frankford Arsenal. The work was performed by J. M,

Farrell.
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ABSTRACT

Cartridge, Powder Actuated Cutter, XM83, was developed as a
replacement for the explosive actuator in the MC-1 reefing line
cutter used with heavy duty parachute assemblies. Firing tests
Jdemonstrated that this cartridge, loaded with 6 grains of M2 pro-
pellant, 2 grains of A4 black powder, and an M29Al primer, de-
veloped the pressure required by the cutter to sever the nylon

line specified in requirements.
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INIRCDCCT TUN

In April 13558, tha Wright Alr Development Division requested
the Department of the Army to design, develop, fabricate, and test
a cartridge to be used with the TOTCT#* Machanical Initiation Timer
(Figure 1) in the MC-1 reefing line cutter for heavy duty parachute
assemblies, The cartridge was to rerlace the T2E5 explosive actuz-
tor and the T47 delay assembly currently used in the MC-1l cutter.

DEVELOPMENT

Military Requirements

The following are the principal military requirements; a de~
tailed statement of rzquirements {is giver~ in tha Appendix.

1, The carrridge was to be hermeticzlly sealed, was not to
protrude beyond the end of the TOTCO timer, and was to be so de-
signed tkat no modification of the timer would be required.

2, The cartridge was to develop sufficient pressurz tc cazue
1e blade of tre cutter to sever a 2-ply, 6000-pound nylon reefing

\

line, \

J. Tre cartr-idge was £y oprr=te saticfactorily at temrews-
tures cof -657 t-~ 200" F,

Decign

Tke develcpment of & ¢-rrridg: ¢:itnbie for usa «iri the MO-1
reefing lise cutter wes Limited almo:t ertirely to the setociann
of the charge. The XM= cariridge - ~.2irng is simiiar to ths T295
Initintor cartridec. exerzct tret ir « - renrw,

*A prepristary item (f tne Tochric.l ©il T.cl Corrp., Los Aagsles,




Figure 1,

36.231.83365/ARD.63

Totco Mechanical Initiation Timer
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{perztion

Tte cartridge consists of a cus2, head, powder, and primer,’
When the primer is suruck by the firirg pir, the powder is ignited
and the gas pressure, generzted agaiust the cutter blade, severs
the shear wire, allowing the blade to move forward to cut the rylon

reefing line (Figure 2),

TESTING

Przlimirary Charge Establishment

necessary fcr ngger cpez-tioa of t“e cu:rer, 25 modified 1183 cAr-
tridges were loadzd wit™ different weights of propellart, In scme
of the prelimizar:- firings, these czrtridges were fired in tesc
models which wer: <{milar teo the MC-1 r:cfing lize cutter except
that the body cf the cutter tad a thicker wall, which enzbled the
use of a piezo gags to mezsure przssure; 1in other firings an MC-1

‘ecutter was used,

Cf the ten Mi-1 cucters received by Frarkford Arzenal, two
were &ssemblad with al.ninum 2~d ¢ight with brass shtear wire, Tests
were made; the alumi-um wire s earad when 3 force of 16 pouinds wzs
applied, and t*. bhrass <lLearsd =t 105 pounds, No extre wire w:is
supplied bty th2 Air Fovre. €0 an aveilsdblz copper wire wich
shearsd st 110 tounds, wzs vsec¢ .a the firings, Iastrumentztion for
the firing t:zte cc-si<%2d of 2 piezo gige conrcctad to elthsr £n
oscillecscops «r =1 cscillearast.,

In tie firs® i the thrze preiiminary firing prngr£m~ fiva
rounds were fired at »mJiar temr»xx.,r~. Fachk reund we=s tcaded
with five grzins . f M2 Linpzllant (RAD 7. % 9701, with - U, 216-{=cn
web) and 21 MtIAL crimer, Y= ail i.stances the cartrir2r case rop-
tured a2t tte »#h.lder instead of ;et2ili=g at the bese, Tor ferilzs
of these firiegs foil.w,

Round o Fweegegre

No, (psfe C Feawyks
1 No fratromertaticn Rooilrg 1ie.2 paviially shazred,
2 No instramentation Reeting line prriiclily shearad,
3 5C0 Reefing line partially s:oar:d,
4 500 _ k=efing li=: Luﬂ?letll" stezrzd,
5 Mo frfrmsntaticn Reefing lirs: completety shiearad,

3

e




36.231.53364/0RD .63

Figure 2., MC-1 Reefing Line Cutler
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Substandard T183 cartridge cares were used in the experimental
tests, since these cases were readily available. In subsequent
firinges=nand-final englreering tests, standard XM83 casscs were used.

In the second firing program, ezch of -the cartridges was loaded
with seven grains of M2 propellant (RAD Lot 9701) and two grains of
A4 black powder. An average pressure of approximately 1000 psi was
developed in these rounds. The reefing line was sheared cleanly in
all rounds, The results of rounds 6 thr~ugh 10 are given below,

Round Pressure Temp Position of Reefing Line with
No. (psi) CH respert to Cutter Axig
6 1100 70 Trick cros- section perpendicular,
7 1050 70 1*in cross =ection perpendicular
8 980 70 Thin creec zection parpeandicular
9 900 -65 It.ick crosa2 section perpendiculr
10 950 -65 Trin ecrsss section perpendiculsar,

In the third [{ring program, whlch l:d to the finsl develop-
ment of the cartridge, nine rcunds. each lcaded with six grains of
M2 propellant (FAD L:t 9701),two grairs of A4 black powder, and an
M29Al1 primer, were fired, Tte following tabulation lists the times
recorded from actustion of tte cartridge to sevarance of the reef-
ing line, with temperaturcs and prassures developad,

Round Temp Fressura Time
No, [ _Loaaid [meec)
1 70 650 83
2 o 660 : 82
3 in 640 85
4 -65 580 94
5 -65 540 92
6 =65 560 : 100
7 200 740 Vi
8 200 800 70

9 - 200 ' PG 75 |

The ninete:w rourds flied in t* e prolimicary c=arge establish-
ment program dem.-atrsted that tro copr.r wire used in teasts with
tte workirg models s*.urad when <« force of 110 pounds was applied,
The bruizs elear wire sipolied with eight of tte MC-1 cutters
sheared at 105 pounds, and the aluminum shear wire in the MC-1
cutter sheared at 16 peunds.




?inal (uarge: Establishment

Oa the tasis c¢f data chtained in the vreliminary firing pro-
gram, it was concliided that the charge usa2d in tte last nine rounds
produced the degirad cperztion of the cutter. This charge consisted
of six graing of M2 prerellant (RAD Lot 9701), two grains of A4
black powder, £nd an M29Al primer,

To confirm the adequacy of this charge and to further demon-
strate that the cutter would operate satisfactorily with this car-
tridge (designated XM83), a final firirg program was scheduled. In
the first of ttese firml firings, conducted after the cartridge had
been conditicnzd tu thre two extreme temperztures stipulated in the
military reqiirvements, & M-l cutter was used to determine whether
or not the cutter wosld ts distorted by the selected charge, Al-
though tha cutter hlade compl:zte its stroke in each of the six rounds,
the reefing lire was not siearzd es cleanly as in the working model,
Two rounds eack were firved at tha follewing temperatures: 200°, -65°,
acd -90” F; and *here wes ro distrrtion ~a any of the units,

Tre second prue (f the fincl toating progrem consiated of ten
firings., Five rounds wive fived with %% wirking model so that
pressures ccuid be mceorded, and five were fired with the MC-1 cutter,
These firirgs, listed boloe, were conducted st 70° T,

Raea Pyzazure

N Lpsh)
K oraice Model ‘

720
+ 740
820
740
M o owctter 300

AV R S RV S

N irnstrumentation
No fastrumentaticon,
No izstrumentation,
No i-z¢trumentation.
My mstrumentation,

LR uw

NOTE: FBeefirg livw <« w1 vl <% nred f.r cuth round,




By the end of July 1959, samples of tte first XM83 cartridge
(Figure 3) fabricated were received for analysis. A study of these
showed that tolerances ware building up in the seal and ring, an
that minor revisiions were necessary. A moxth later, 300 cartridges
. were received for finel engineering tests,

Firing and X-raying of these cartvidges indicated that the sen-
sitivity of the primers was not within specified limits, Improve-
ments-Were effected by the manufacturer at this arsenzl’s request,
and a new shipment of primers was received. These were instected

and X-rayed early in 1960,

They were argembled in curtridges, and their sensitivity was
then checked in drap tests. The primars vroved to be satisfactory,
In February the first cartridges were fired in the lot acceptance
tests, There wa3 nu evidence cf cartridee case distortica after

these firings,

In tte final phase «f the charge establishment progrem, fifty
‘XMB3 cartridges were fived in MC-1 raefing line cutters and ten
were fired in o working model s> that crerating pressurea could be
recorded. Five of tese firings were mnda with the cartridge condi-
tioned to -65" F a-d five with the cartridge conditiored to 200° F,
Ballistic data were not obtaired during these tests since no pro-
visions had teen made, Tszdle I lista the results cbtained with the
MC-1 cuttar; Table I gives the resclts cbtairad with the working

model, )

TABLE I. Summary «f & arge PsteSlistmont Firivg Test

RozLivs Teing v+l Reefing Time (uttera
".':".'1\'_,1 };C‘ e« C f
e ' R -.nds
-65 15
m 20
200 C15

\

NCTEs Reefing it~ . mplet-lv & :ared for c-ach round,
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———TABILE II, (htarge Establiskment riring Test
Results Using Working Model

Round Temp Max Pressure
No., (23] (psi)
1 =65 740
2 -65 740
3 -65 760
4 -65 730
5 -65 700
6 200 690
7 200 690
8 200 700
9 200 720
g 200 680

NOTE; FReefirg line completely sheared for each round.

?

QUALIFICATICON .TESTING

The qualification program for the XM83 cartridge was limited -
to low and high temperature tests conducted in accordance with
Specification MIL-E-5272C,* Altitude, humidity, shock, moisture,
and fungus tests were not made because cartridges of a similar de-
sign had been tested under these conditions and had been approved.
The drop tests were performed to check the sensitivity cf the
primers. The data racorded met requirements, Lacked-shut and no-
load tests were not required.

A total of 70 ro.~ds was fired at -65“, 70°, and 200° I' to
determine satisfsctory performanca at these temperatures, .. sume-
may of the temperature tests Ls given in Teble IIIL.

C.NTLISTIN

It was concluded trat the XMS3 cartridge czn be tsed with tte
MC-1 heavy duty reefing line c.ittéer and the TOTCO Mechanical Ini-
tiation Timer,

1

*Environmental exple-mtion,
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- RECOMMENDATION

It is recommended that the XM83 cartridge be adopted as a
standard item for use with the TOTCO Mechanical Initiation Timer,

11 |




APPENDIX

Military Requirement:

The Ordnance Corps shall develop the XM83 cartridge and fabricate,

test, and furnish to WADD the developed cartridge for reefing line

cutting in heavy duty parachute assemblies in accordance with the

requirements specified herein,
PART I STATEMENT OF WORK
A, This MIPR provides for the design and development of a

cartridge to be used for reefing line cutting in heavy duty

parachute assemblies. The developed catridge shall fulfill

the following requirements:

1,
2,

3.

Be hermetically sealed,

Shall be developed for use with the TOTCO Mechanical
Initiation Timer (without modification to the timer)
furnished by the Procuring Agéncy.

The cartridge shall not protrude beyond the end of
the Initiation Timer.

The cartridge shall be capable of actuating at a

temperature range of -65° to + 160°F, a stuﬂu’d
reefing line cutter, Alr Force Drawing 53B 6149,

with sufficient energy to sever a 2-vly, 6000 pound
reefing line fabricated fram nylon webbisg in accord-
ance wvith Military Specification MIL-W-4088 (USAF),

‘Type XVIII, Condition "U", The high and low tempera-

ture requirements shall be in accordance with Pro-
cedure I, MIL-E-5272.

12




S. The cutter assembly including c;rtridges shall have
a performance reliability of no£ less than +3 sigma
based on a confidence level of 95%.
B, The Ordnance Corps shall, as a result of the work
acconplished in accordance with Paragraph A above aﬁd in
accordance with the schedule set forth in Part II hereof,
subtmit the following items:
1, Item I - Conduct final engineering tests and prepare

e —

a final letter report for anproval by the procuring
agency containing all pertinent caleculations and
test data.

2. Item II - Prepare procurement data in accordance with
Frankford Arsenal practice to consist of drawings and
specifications for the approved cartridge, '

3. Item ITI - Twelve hundred (1200) each cartridges,
Reefing Line Cutting in accordance with data approved

- under Paragraph A and Item I and II above,
PART II TIME OF PERFORMANCE AND DFLIVERY INSTRUCTIONS

A. The Ordnance Corps shall cormence work upon acceptance of
this MIPR and shall complete all work and delivery of items
within five (5) months thereafter.
B, The items required by Part I hereof shall bt g :lnitted
An accordance with the following schedule: '
1. Items I and II shall be submitted within ninety (90)
days after recesipt and'nccoptanco of this MIPR,
2, Item III - shall be submitted within sixty (6) days
after approval of the data subnitted umier Item I
and II.
13




C. Delivery Instructions
1., Items I and II shall be _zmbmitted to:

S Commander
Wright Air Development Center
ATTN: WCLEH-Y
Wright-Patterson AFB, Ohio

2. Item III shall be submitted to:
Transportation Officoer
AFB 2300, Bldg 258
M/F Dept 54, Attn: HCLEH-[;
MIPR No. (33-616) 58-47
‘Wright-Patterson Air Force Base, Ohlo
D. All reports and correspondence guhitted shall contain the
MIPR Number, Project Number and Task Number designated on the

cover page.

PART III ADMINISTRATIVE DATA

PART IV

A, All administrative matters pertaining to this MIPR cone.
cerning personnel, facilities, contracting, time of performance
and terms shall be referred to:

Commander

Wright Air Development Center

ATTN: WCKCP

wright-Patterson Air Force Base. Ohio
B. All matters of a technical nature shall be referred to:

Commander

Wright Air Developnent Center

ATTH: WCIZEH.4

Wright-Patterson Air Force Base, _()_h_i.o
ACCEPTANCE ‘ \
A. Three (3) copies of the ébligaung instruments (one -
certified) resulting from this MIPR shall be forwarded to:
Cormander, Wright Air Development Center, ATTN: WCKCP, Con.
tracting Officer for Inter-departmental Procurement, Wright-

Patterson Alr Force Base, Ohio.

14




PAR? V

The Aeronautical Accessories Laboratory, WCLEH-1, WADC,
WPAFB, Ohio, is hereby designated as the point for 'nal

inspection and acceptance by the Alr Force for all work called

/

for under this MIPR. , |
AIR FORCE FURNISHED PROPERTY |

The U, S. Air Force shall furnish to the Ordnance Corpe
for use in connection with this MIPR the Governuzent furnished
property listed in subparagraph 1 below and such otPor property
a8 may be approved by the Conﬁracting Officer subjeét to the

provisions of subparagraph 2 below:
1. a. Ten (10) each TOTCO Initiation Timers,

e

PART VI

b. Ten (10) each reefing lin- cutters and necessary
quantity of reefing line for the development.

) 2, The Air Force shall furnish, for use in connection
with the performance of this MIPR, the property
described above, Accountability of such property
will be transferred Lo the performing agency. Upon
termination or ccmwletion of work to be performed,
residues of the property shall te returned to the

ALy Force as the Contracting (fficer may direct.

MIPR CONTENTS

This MIPR consists of DD Forn b4, the Schedu.e consisting
of Part I thru VI inclusi¥~ ~1 pages A, B and C inclusive and

the General Prcvisions coneisting of paragraph 1 thru 6 and 8

thru 11 on pages 1 thru 3 inclusive,
’

15
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Fort Belvoir, Virzinia

- Attn: Director, Gperations
Rerearch & Experimental,
COCRE

= Attn: Director, Plans, Programs,
& Intelligence, CDCPI.

1 - Attn: Diractor, Concepts &
Doctrine Develcpment,
CDCCH

- Attn: Director, Matzriel Re-
quirements, CDCMR

= Attn: Directer, Noctrine &
Organization Medias,
CDODM

« Commanding Cfficer
Reck Island Arsenal
Attn: Technicul Director
Rock Tsland., lllincis

1‘:_Aktgj,ﬁhicf, Design Eangineering
Braach, SWERI-RDD

1 - Commanding Cfficer
Picatinny Arseral

Artn: Technicul Director
Duver, New Jersey
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1 - Commanding Officer
U.S.Army Research and Devel-
opment Laboratory
Attn: Technical Director
Fdgewood Arsenal, Maryland

1 - Commanding Officer
U.S.Army Research Office~Durham
Attn: CRD-AA-E
Box CM, Duke Station
Durham, North Carolina

1 - Attn: CRD-AA-X

1 - U.S.Army Field Office, USAFSSD
Bldg #1, Room 250
5730 Arbor Vitae Blvd.
Inglewood, California

1 - Commanding Ofkicer
Harry Diamond Laboratories
Attn: Technical Director
Washington 25, D, C,

1 - Attn: AMXDO-TIB

1 - Commanding Officer
U.S.Army Aviation Center .
Attn: Director, USAATBG
Fort Rucker, Alabama

1 - Attn: Director, USAATHRE
1 - Attn: Director, USABAAR

1 ~ Commanding Officex
U.S.Army Trar:rortation
Research C mmand
Attn: TecHhaic1l Directer
Fort Bustis, Virginia

NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

1 - Director
NASA Langley Research Center
Attn: Mro. E, R, Gilman, Librarian
Langley Station
Hampton, Virginia 23365




Director
NASA Goorge C. Marshall
Space Flight Ceatzr
Attns Saturn System Office
Huntsville, Alabamz

Attn: Light and Medium
Vehicles Office

Attns Prepulzion ard Energy
Diviation

Attn: Futura Prejects Qffice
Atetn: Resasarch Projects Office

Directer

NASA Mianed Spaceuraft Conter

Attn: Gemirl Spatecrvelt
Projectsy Office

Houston 1, Texas

Attn: MZ'. U’.’:HS. M. Gr“’.‘“:, -Tt'.
Chlef, Tect-icsl Informa-
tion Divisio, (olde ACI

Attn: Apolle Spacecraf®
Prejects Ofifice

Attas CLE4ce of Aset Directer,

Ragasri®, snd Loselormant
Attns Sprocaernft Favourecn Civ,
= Attnt Crow Syetem Divfeica
Directer
NASA Goddard sisce

Center
Greenbelt, Miryl:-d

LA W

Divecter
NASA Jot Frupulsf oo heecaorncry
Pagsadans, O ifen.is

Divactor
NASA Leewin Romaaral, Conter
Cleveland, Okie
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U.S, NAVY
1 - Chief, Bureau of Naval Weapons

Department of the Navy
Attn: RMMO ‘
Washington 25, D. C,

1 - Attn: RMMP -

| 1 ~ Commanding Officer

U,.S.Naval Weapons Laboratory

Attn: Mr. R. I. Rossbacher,
Code WC

Dehlgren, Virginia

1 - Commanding Officer
U.S.Naval Ordnance Test: Stagion
Atta: D, H, Strietzel,
Code 4574
Chira lLake, California

1 - Commanding Officer
U.S.Naval Ordnance Plant
Attn: Code PD-270
Macor, Georgia

1 - Commanding Officer
Naval Air Depot-Crane
Attn: Code 4100
Crzane, Indiana

1 - Director
Ajir Crew Equipment Laboratory
Nrval Afir Engineering Center
Attn: C, T, Koochembere,
Croup Marager
F~iladelpttia 12, Pa,

1 - Commander
Naval Air Developmiac Center
Attrn: Techaical J.ibrary
Joknsville, Pennsylvinia

" GLAIR TORCE

3 - Commander
Acrunaztical Systems Division
Attn: -24, Mr. R, Dobbek
Wright-Patterson Air Force Base

thio




3 - Commander
Aercnautical Systems Division
Atrn. ASNMES, Mr, C, K, Hodell
Wright Patterson A% B, Uhio

Attn: ASNMEP, Mr, A. E, Varble

Attn: ASNMEP, Maj D, A, Jabusch

Attn: ASZTE, Capt J. J. Sollars

Attn: ASZWO, Capt F, H, Briggs

Attn: ASZFO-A : 3

Attn: ASZHPC, Capt W,C.Knothe

Attn: ASNRH, Mr, Gec, C, Dickson

N. P. Clarke

Attn: ASBMB, Maj

Attn: ASWMRD, Mr. W.M,Cheslak

Attn: ASAPRI

Attn: ASZ2B, C:1 ¢, A. Gayle

Directorate of Aevr:space Safety

Attn: Chief, Life Sciences Group
AFPTAS-L

Norton Alxr Force Riase. Calif.

Commander

Ogden Air Msveri 1 Area

Attns OLNKAA ‘

Hill Afr Frvce Bosc. Utan

Commander
2705tk Adrmucitic:s
Attn: OUYTC

Hill Air Fovce Bz

Wing (AMC)
se, Utah

Cemmander

Edwards Aiy P riv Ruse

Attn: DGM. A59°d Test Group
Edwards, tviiifornria

USAP, 8
ALta-8WO0t-
Kirtland Air Force Base,

=cil Wezpcns Center

N. “.
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OTHER
10 - Derense Documentation Centzar

Cameron Station

Alexandria, Virginia 22314

"1 - Chemical Propulsion Informstion

Agency
Johns Hopkins University
Silver Spring, Maryland

1 - Scientific and Technical
Information Facility
Attn: NASA Representative
(S-AK/DC)
P, 0, Box 5700
Bethesda, Maryland
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